THE 19th century pioneers of colonial meteorology in Australia left a remarkable legacy of science and service (Gibbs 1975 ) on which to build the 20th century achievements of the Commonwealth Bureau of Meteorology (Zillman 2001; Day 2007) . The 19th century pioneers of international meteorology established a tradition and framework of collaboration that made 20th century meteorology a model of international cooperation (Davies 1990; Gibbs 1994; Zillman 2006) .
The common link in these two achievements was the German meteorologist, mariner and magnetician Georg Balthaser von Neumayer (1826 Neumayer ( -1909 , who, over a period of almost 50 years, played a preeminent role in establishing the foundations of Australian, German and polar science and especially in building the spirit of peaceful scientific cooperation between nations for the good of all.
I am not an expert on von Neumayer's career though I have read the fascinating earlier accounts of his life's work by Sussenberger (1968) , Home (1991) , Home and Kretzer (1991) and others. But, as a major beneficiary of his legacy in all three phases of my own career, Australian meteorology, Antarctic research and international cooperation, I am pleased to pay tribute to him by reviewing briefly the people and events of his time, those who inspired him and those whom he inspired in Australian, polar and international meteorology over the period .
MILESTONES IN AUSTRALIAN AND INTERNATIONAL METEOROLOGY
The early history of Australian and international meteorology reflects the strong Humboldtian influence on the development of all the Earth sciences through the second half of the 19th century (Heilbron 2003) . It is illuminating to juxtapose a simple chronology of meteorological milestones and the names associated with them (Table 1) as they emerge from detailed histories such as those of Daniel (1973) , Gibbs (1975) , Davies (1990) and Day (2007) .
There were, of course, many fascinating individuals and influences behind each of the events listed in Table 1 . This paper provides a brief overview of the origins of Australian meteorology and of the 1873 establishment and early work of the IMO in providing the international framework for cooperation in meteorology until its replacement by the intergovernmental WMO in 1950.
Keywords: meteorology, international, observations, cooperation AUSTRALIA'S METEOROLOGICAL PIONEERS Table 2 provides a short list of Australia's meteorological pioneers and Fig. 1 , based primarily on Gibbs (1975) , provides a summary chronology of their period of active engagement in Australian meteorology.
Though it is exceedingly difficult to further reduce the short list in establishment and maintenance of an observatory in Melbourne for the combined purposes of navigation and the science of terrestrial magnetism is assured, something which should be greeted with the greatest pleasure by all men of science. (Neumayer 1857 in Home & Kretzer 1991: 242) . His achievements over the following six years in establishing the scientific foundations for meteorology in Victoria are nicely summarised by Home (1991) and the published records of his observations are held in the library of the Royal Society of Victoria.
INTERNATIONAL COOPERATION IN METEOROLOY
It is, of course, quite difficult to produce an agreed short-list of the most outstanding pioneers of international cooperation in meteorology but one such attempt is given in Table 3 with their periods of active engagement in various international roles summarised schematically in Fig. 7 . The individual contribution of these pioneers of international cooperation in meteorology are chronicled in the records of the International Meteorological Organization (IMO) and various other publications on the history of meteorology (Daniel 1973; Davies 1990) . And, of course, there were many others from many countries who played comparatively important roles in fostering the spirit of international cooperation which was to become the hallmark of meteorology in the 20th century (Zillman 2006) . Those who, the literature suggests, would make a short short list (Fig. 8) It is not possible here to provide more than the briefest glimpse of the origins of international cooperation in meteorology but it is worth quoting from Maury's account (Maury 1855: 5-7) of the outcome of the 1853 Brussels Conference:
This conference …. recommended a plan of observations which should be followed on board the vessels of all friendly nations… In peace and in war these observations are to be Table 3 . The pioneers of international cooperation in meteorology showing their period of active engagement on the international science and key offices held.
Fig. 3.
The iconic image of Neumayer's meteorological stand at Flagstaff Observatory looking south along what is now King Street.
Fig. 4.
One hundred and fifty-nine years on. The small white building (just to the right of the meteorological stand in Fig. 3 ) constructed in 1850 at the corner of King and Latrobe Street as it is now. carried on and, in case any of the vessels on board of which they are conducted may be captured, the abstract log …. is to be held sacred. This plan contemplates the cooperation of all the states of Christendom, at least so far as the form, method, subject of observations, time of making them, and the interchange of results are concerned. I hope that my fellow citizens will not fail to second and cooperate in such a humane, wise and noble scheme. Neumayer was an early and committed disciple of the Maury plan. As he and his international colleagues worked systematically to implement the Maury vision, the data collection made possible through this cooperation led to more and more authoritative versions of Maury's original diagram of the winds (Fig. 9) The growing spirit of cooperation was well captured in the invitation, originated by Professor Wild, to the 1872 Leipzig Conference, which preceded the 1873 Vienna Conference and the establishment of IMO. In Wild's words:
At the present time, the increasing interest in meteorological research shown by all civilized countries has led to a demand for far-reaching coordination and standardization of the methods and procedures in use in different countries. Such suggestions have been put forward and discussed so frequently…… that the undersigned consider it both feasible and timely to propose the convening of a meteorological conference… (Daniel 1973: 160) The 1873 First International Meteorological Congress was convened by the Government of Austria and attended by 32 delegates from 20 countries. It agreed on standardisation of meteorological instruments and times and methods of observation. Most importantly, it also put in place arrangements for the mutual exchange of observations by telegraph. It agreed on the need for a permanent international me- The memorial cairn now located on the approximate site of Neumayer's Flagstaff Hill Observatory. Fig. 6 . The inscription on the Neumayer plaque on the Flagstaff Hill cairn mounted on the occasion of the 150th anniversary of Victoria as an independent colony.
Fig. 7.
The pioneers of international cooperation in meteorology and their periods of most active engagement in various international roles.
Fig. 8.
Some of the pioneers of international cooperation in meteorology (see text).
teorological organisation and established a Permanent Committee which is now regarded as marking the birth of the IMO (Daniel 1973) .
The subsequent International Meteorological Congresses changed in organisation and composition but von Neumayer and his colleagues continued to work closely together to guide the process forward ( Fig. 10 and 11) .
Through all of this period, the focus on international cooperation in data collection, exchange and analysis became stronger and stronger with the First International Polar Year of 1882-83, which was planned and organised under the leadership of von Neumayer (Fig. 12) , serving as the prototype for the Second International Polar Year of 1932-33 and the major international global data-collection and research initiatives of the second half of the 20th century (Davies 1990 ).
THE VON NEUMAYER LEGACY
These, then, were some of the outstanding national and international pioneers of the science and practice of meteorology.
They laid the scientific foundations on which the Australian Bureau of Meteorology was built and serves to the present day. They established, forever, the duality of meteorology as a science and as a service to society.
And they devised the framework of international cooperation, standardisation and data exchange which underpins the Convention of the World Meteorological Organization (WMO) and its role as a Specialised Agency of the United Nations. Their achievement owes much to the dedication and influence of one remarkable man who established the tradition of scientific excellence in Australian meteorology and who inspired the spirit of friendly cooperation between nations in applying meteorology and its sister sciences for the common good.
It has, indeed, been a privilege to join with Australian and German colleagues from meteorology and those other fields of science in which he excelled to honour the life work of Georg Balthasar von Neumayer on the occasion of the 100th anniversary of his death on 24 May 1909.
